respectively. The depths correspond to approximately 1.33m, 2.67m, 6.67m, 66.6m, 133.3m and 200m respectively. 
Introduction
Geophysical investigation is the most effective tool for indirectly mapping the subsurface rock formations and structures. A lot of problems connected with groundwater exploration can be solved with the help of geophysical methods. These include the location of water bearing formations and estimation of their depths and thicknesses; delineation of weathered zones, valley fills, freshwater-saline water interfaces, and groundwater flow directions [1] . Exploitation of this resource requires rapid and cost effective techniques of locating sustainable water bearing units (aquiferous zones) in a region (location of study area) where abortive boreholes are prevalent. Geophysical approach has, among others, been used to locate thesezoneswith great successes [2] [3] [4] ..
There are five main methods of geophysical survey, namely: magnetic, gravity, seismic, electrical (self-potential, electromagnetic, resistivity and induced polarization) and well logging methods. Of these methods the electrical resistivity method is the most widely used method in groundwater research. This is due to the fact that the electrical properties, especially the resistivities, of geologic formations vary significantly between their dry and saturated states [5] .
In vertical electrical sounding (VES) the goal is to observe the variation of resistivity with depth. The technique is best adapted to determining depth and resistivity for flat-lying layered rock structures, such as sedimentary beds, or the depth to the water table. The Schlumberger configuration is most commonly used for VES-investigations, where the current and potential pairs of electrodes have a common mid-point, but the distances between adjacent electrodes differ. The mid-point of the array is kept fixed while the distance between the current electrodes is progressively increased. This causes the current lines to penetrate ever greater depths, depending on the vertical distribution of conductivity [6] .
Surface electrical resistivity surveying is based on the principle that the distribution of electrical potential in the ground around a current-carrying electrode depends on the electrical resistivities and distribution of the surrounding soils and rocks. The usual practice in the field is to apply an electrical direct current (DC) between two electrodes implanted in the ground and to measure the difference of potential between two additional electrodes that do not carry current. Usually, the potential electrodes are in line between the current electrodes, but in principle, they can be located anywhere. The current used is either direct current, commutated direct current (i.e., a square-wave alternating current), or AC of low frequency (typically about 20 Hz). All analysis and interpretation are done on the basis of direct currents. The distribution of potential can be related theoretically to ground resistivities and their distribution for some simple cases, notably, the case of a horizontally stratified ground and the case of homogeneous masses separated by vertical planes (e.g., a vertical fault with a large throw or a vertical dike). For other kinds of resistivity distributions, interpretation is usually done by qualitative comparison of observed response with that of idealized hypothetical models or on the basis of empirical methods [7] .
Mineral grains comprised of soils and rocks are essentially nonconductive, except in some exotic materials such as metallic ores, so the resistivity of soils and rocks is governed primarily by the amount of pore water, its resistivity, and the arrangement of the pores. To the extent that differences of lithology are accompanied by differences of resistivity, resistivity surveys can be useful in detecting bodies of anomalous materials or in estimating the depths of bedrock surfaces. In coarse, granular soils, the groundwater surface is generally marked by an abrupt change in water saturation and thus by a change of resistivity. In fine-grained soils, however, there may be no such resistivity change coinciding with a piezometric surface. Generally, since the resistivity of a soil or rock is controlled primarily by the pore water conditions, there are wide ranges in resistivity for any particular soil or rock type, and resistivity values cannot be directly interpreted in terms of soil type or lithology. Commonly, however, zones of distinctive resistivity can be associated with specific soil or rock units on the basis of local field or drill hole information, and resistivity surveys can be used profitably to extend field investigations into areas with very limited or nonexistent data. Also, resistivity surveys may be used as a reconnaissance method, to detect anomalies that can be further investigated by complementary geophysical methods and/or drill holes.
The electrical resistivity method has some inherent limitations that affect the resolution and accuracy that may be expected from it. Like all methods using measurements of a potential field, the value of a measurement obtained at any location represents a weighted average of the effects produced over a large volume of material, with the nearby portions contributing most heavily. This tends to produce smooth curves, which do not lend themselves to high resolution for interpretations. Another feature common to all potential field geophysical methods is that a particular distribution of potential at the ground surface does not generally have a unique interpretation. Although these limitations should be recognized, the non-uniqueness or ambiguity of the resistivity method is scarcely less than with the other geophysical methods. For these reasons, it is always advisable to use several complementary geophysical methods in an integrated exploration program rather than relying on a single exploration method.
II. Geology Of The Study Area
The study area is located between latitudes 5 o 05''N and 5 o 45''N, and longitudes 7 o 00''E and 7 o 30''E, within the Imo River Basin. This covers parts of four geologic formations in the Basin. These include the Coastal Plain Sands of the Benin Formation, Ogwashi-Asaba Formation, Bende-Ameki Formation, and Imo Shale. The location map of the study area is shown in Fig. 1 . The Ogwashi-Asaba formation is subsumed within the coastal plain sands.
The Imo River Basin is based on a bedrock of a sequence of sedimentary rocks of about 5480m thick and with ages ranging from Upper Cretaceous to Recent [8] . The deposition of these sedimentary rocks is related to the opening of the South Atlantic Ocean and the formation of the rift-like Benue Trough of Nigeria in the Mesozoic (225-65 M.Y.B.P.) [9] . Generally, there are two different classes of formations underlying the Imo River Basin. About 80% of the basin consists in Coastal Plain Sand, which is composed of non-indurated sediments represented by the Benin and Ogwashi-Asaba Formations, and alluvial deposits at the estuary at the Southern end of the Imo River Basin. The remaining 20% is underlain by a series of sedimentary rock units that get younger southwestward, a direction that is parallel to the regional dip of the formations. The generalized regional stratigraphy is shown in Table 1 . 
III. Methodology
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There is a noticeable shift in the spatial variation of resistivity for AB/2 =10m (Fig. 4) . This is obvious from the fact that at greater depths the resistivity variation is different. Comparing the maps for AB/2 = 2m and AB/2 = 10m it can be seen that for Owerri and Umuahia the resistivity increases. The Iso-Resistivity map for AB/2 = 10m is shown in Fig. 4 , which corresponds to the resistivity pattern at a depth of 2.67m. The shift in resistivity is clearly seen in the two maps from 2000 to 2500Ωm. The increasing trend in resistivity with depth can be explained by the fact that at shallow depth in most of the areas we have clay and shale streaks and sandy shales or sandy clay. The area corresponding to Imo Shale and some parts of Ameki Formations feature the lowest resistivities, which indicate the presence of clay or shale (<500Ωm). Areas with resistivities 500-1000 Ωm could be interpreted as sandy clay for lower depth; or sandy shale at greater depth. Areas with resistivities 2000-8000 Ωm could be interpreted as sand. Based on this, we can see from the iso-resistivity maps that areas south of Nnarambia which fall within the Benin Formation are largely sandy. The highest resistivities are located within the Ogwashi-Asaba Formations, particularly between Nnarambia (KS35) and Avutu-Obowo (KS75), and also between KS75 and KS26 (Umuahia). According to the geology of the area, Ogwashi-Asaba is characterized by unconsolidated sandstones with carbonaceous mudstones, sandy clays and lignite seams.
For AB/2 = 100m there is a location that features a marked increase in resistivity, at Nkwo Obohia (KS 37). There is a general indication of an increase of resistivity with depth. Fig. 5 shows the Iso-Resistivity map for AB/2 = 100m, which corresponds to the resistivity pattern at a depth of 66.67m. Fig. 6 shows the Iso-resistivity map for AB/2=200m. This represents the resistivity pattern at a depth of about 133m. The map shows that at the depth represented, areas with the highest resistivity are located within the middle of the study area, around the KS37 in the Ogwashi Asaba Formation. This implies that most of the sandstones are located around there since the resistivity range >10542Ωm are around it. There is also an indication that much of the areas within the Benin Formation from the middle down are mainly sands and sandstones. Figure 7 shows the Iso-Resistivity map for AB/2=300m, representing a depth of about 200m. The very high resistivity at KS37 is also evident here. The Benin Formation features mainly sand and pebbly sandstones.
V. Conclusion
This work provides in graphic detail the resistivity patterns in the study area. The results of the interpretation of the VES data are in close agreement with the lithological information from borehole records. Over areas in the outcrop surface of the Imo Shale geologic formation, most of the layers consist of shale interspersed with clay, and some sandstone. The presence of clay and shale can impede the downward movement of the contaminant front. Over areas within the Ameki geologic formation, most of the layers consist of shale, clay and sand, and sandstones. Over the areas within the Ogwashi-Asaba formation and the Benin Formation the layers consisted mainly of sand, sandstone, silt and sparsely distributed clay.
